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I multiplied by 10,000 to get easy numbers. The inso- 
lation loss always kept below 1 per cent, except at  quite 
low solar altihde, and was generally negligible. I 
always made three measurements, of which the mean was 
taken. At constant sun their variations keep within 
narrow limits: they mostly aniount to about 1 per cent 
of the mean value. Sudden jumpings like t,hose occurring 
with the zinc ball photometer were not seen. The time of 
discharge was regulated by different large diaphragms, 
and nearly always varied between the limits of 12 and 25 
seconds. 

The method is especially fit to be used in fixing the- 
ultra violet local dearness by switching in several niat 
quartz plat,es. The diminution of radiation, which 
ensues, is fatal to the galvanometric method, but in this 
case it is generally desirable. Further, this inethod has 
been applied t.0 the comparison of the intensity of t,lie 
quartz lamp (so inuch used in medicine now) and t,hat 
of the sun within that ultra-violet spectrum section, which 
both kinds of radiat.ion have in common. Ten different 
burners partly new, artly old ones were examined. The 
exact. dat,a were pu B lished in “ Strahlent,herapie,” Band 

XIV, Heft 1 (Urban k Scliwarzenberg, Berlin). The 
result, which will interest most here, is: The Hanauer 

uartz lam supplied with a new burner (so called 

At 100 cm. distance.. 3.7 fold sun intensit.v. in relation ki Daws 
At 70 cm. distance. - 6.1 fold sun intensity at the mean of sun’s 
:It 50 cm. distance.. 12.2 fold I altitude. 

Some simultaneous comparison measurements? made in 
Chur (557 m.), Davos (1.590 in.), Schatzalp (1,StjO ni.), 
furnished the result that wit,hin t,hese alt.itudes with a 
cloudless skv obserration and calculation from t.rans- 
mission coeficienb (t.he cliffcrent sea l e d s  being taken 
into consideration) are in good agreement, escept during 
special weat,lier conditions. For instance, when there is 
a foehn revailing, decending far into the valley of the 

arise above the latt.er light strata, rccognized by the 
whitish l h e  color of the sky, in the former. However, 
t.he air is then of the highest possible t.ransmissibi1ity- 
in this case the Chur values hare been considerably 
higher t,han those resulting from’ calculation. 

%un,stZ<chc B oAe.tsnsonne) furnishes : 

Rhine, w P iile it passes above the Davos valley, then there 

INFLUENCE OF COVER CROPS ON ORCHARD TEMPERATURES. 

By FLOYD D. YOUNQ, Meteorologist. 

[Weather Boreen Officr. Lns .2ngele*, Cali[., Oetolmr 1, 4lrn.I 

Among the growers of citrus fruits in California t.he 
belief that the presence of a cover cro ) in a citrus grove 
greatly increases the frost hazard {ins been growing 
rapidly during the ast few years. Several re utable 

portions of their groves in cover crop than in clean cul- 
tivated sections. Other growers have stated that cover 
crops lowered the temperature of their orchards as much 
as 8 O  during frosty nights. As a result of this belief the 
tendency in orchard management has been away from 
winter cover crops. 

Cover crops are considered by agricultural specialists to 
be of unquestioned value in maintaining bhe fertilit of 

fornia cover crops in cit,rus groves are considered to be 
absolutely necessary on account of soil conditions. Much 
addit.iona1 irrigation water is re uired to grow summer 

summer cover crops me- out of the question. Unless 
plenty of water is available for both cover crop and trees 
the cover crop will compete wit.h the trees for moisture, 
with resulting injury to the tree. Durin most winter 

cover crops can be grown wit,hout irrigation. 
Earl in the fall of 1931 the Weather Bureau was re- 

rueste B by officials of the Citrus Esperiment Station at  
hiverside, Calif., t.0 carry out experiments to determine 
t.o what ext.ent, if any, a cover crop lorn-ered the tempera- 
t.ure on a fr0st.p night.. 

A number of investigators had already studied this 
question by t.hs simple espedient of selecting two groves. 
side by side, one in cover crop and the other clean cultiva- 
tion, and makin temperature observations in the two on 
frosty nights. !&\-erid years work in investigating frost 
conditions in southcrn California had demonstrated t.lint 
such met.hocls would he open to criticism. Differences in 
feni . erature of sewral degrees are often found within a 
few F iundrsd feet. on frost,y nights, on ground wliich to the 
eye appears perfcctly level. This being the cnse, differ- 
ences in temperttture observed between adjoining groves 
may be due entirely t.0 causes other talian t,he presence or 
absence of cover crops. 

citrus growers lia-ie r ound much more damaged F ruit in 

the soil and supplying humus. In some sections of 8 ali- 

cover crops in citrus groves, an 1 where water is scarce 

seasons in Cnliforniti there is abundant rain f all and winter 

The plan of o e r d o n  decided upon was RS follows: It. 

which the corer cro had attnined considerable growth 

Temperature ststions were to be installed at  about the 
center of these 5-acre plots, the st.a.t.ions to be moved 
about until two 1)oint.s were found where the t.em eraturcs 

demonstrated that there was a consistent relation be- 
tween the temperatures at  the two stations, the cover 
cro in one of the 5-acre plot,s was to be plowed under, 

It was necessary to find a grove in cover crop which 
was surrounded by clean cultivation for some distance on 
every side, or to low up R very la.rge sectipn of a grovc 
in a neighhorhoo (f where all the groves were in cfiver crop. 
This is due to tlie fact thnt if the cover crop dld depress 
the temperature to any great estent, this cooling effect 
would he felt some distance away ove: a clean cultivated 
area, due to the air drift which is practically dways found 
in this section on a frosty night. 

Much difficulty was esperienced in finding a suitd.de 
rove, the owner of w1iic.h wiis willing to plow under half 

fis cover crop about two months earlier than usual. This 
was to be espected. since no money was available with 
which to make up the grower’s loss. It finally was nec- 
esssry to acce t the offer of a O-n.cre ora.nge grove, near 
Pomona, Ca.li!, belonging to Mr. 11. J. Nichols. Mr. 
Nichols deserve much credit for his cooperntion in this 
work, which was ca.rried on for the benefit of d l  the citrus 
growers in t?he Sta.te. , 

was desired to o T itain a 10-acre ora.nge or. lemon grove in 

early in the fall, a.nc P dkide it int.0 two 5-awe sect.ions. 

were as nearly the snme as possible. After it K ad been 

an c f  the ground cultivated t.lioroughly. 

DESCRIPTJOS OF THE GROVE. 

The grove sclectd lies on rncticallr lcvel ground. 
Navel orange trees, 2.3 jmirs o are set 30 feet apart. 
shading a ronsiserahle portion of the ground. ‘rho soil 
is a snndy loam, v e r ~  deep, ~ . n d  wit.hont gravel. The cover 
crop consisted of AIMil.of t / s  imlica sowed 30 pounds to 
the acre, a n d  rye, 10 pounds to  tlie acre, with a scattering 
of purple vetch. Toward the end of the frost season the 
rye stoorl 53 feet high, with :I hcavy crop of d i Z o f r / . ~  CS- 
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5foot elevation. 

North South Differ- 
plot. I plot. 1 ence. 

Date. 

oorosw, 10% 

l&lnch elevation. 

North South Differ- 
plot. I pldt. 1 ence. 

tmdmg to a height of about 6 inches above the ground. 
(See figs. 1 and 2.) The ove was entirely surrounded 
by clean cultivated g rounf  

In  spite of the fact that the ground WBS practically 
level, and the stations were only about 200 feet apart, it 
was necesary to shift the positions of the instrument 
ahelters several times before the lowest tem eratures on 

degree. 
frosty nights at  the two stations agreed wit R in one-half 

EXPOSURE OF INSTRUMENTS. 

Stations were finally located in the interior of the 
grove, one near the northern end and the other near the 
southern end. The instrumental e uipment and ex osure 
of instruments was the same at  t o t h  stations. %hit- 
region instrument shelters, containing minimum ther- 
mometers and 29-hour thermographs, were installed on 
supports at  both stations, so that the thermometers were 
5 feet above the ground. Fruit-region shelters, con- 
taining the same instrumental equipment, mere set di- 
rectly on the ground at both stations, the thermometers 
being 10 inches above the ground. 

The two stations were designated (‘North” and 
“South” for the purpose of identifying them. 

After the ermanent locations for the stations had been 

order to establish a definite temperature relation between 
the two stations. Minimum temperatures registered on 
these nights are shown in Table 1. Minimum tempera- 
tures averaged 0.6’ F. lower at  the south station than at  
the north station durin this period, both a t  the 5-foot 

TABLE l.-Minimum. temperatures, O F . ,  on frosty nights (sheltered 

[Entire grove stii in cover crop.] 

selected, eig g t clear, frosty nights were allowed to pass, in 

elevation and in the she 5 ter on the ground. 

thermometers). 

31.3 

29.0 

30.4 
35.2 
32.1 

31.5 
31.5 
31.0 

---- 
30.5 -0.8 

2 8 2  -0.8 

30.1 -0.3 
34.4 -0.8 
31.9 -0.2 

31.4 + O . l  
30.6 -0.9 
30.0 -1.0 

l- -- 
30.7 
31.0 
34.1 
31.3 
23.0 
30.1 
30.5 
30.1 

Jm.6 ................... 
9.. ................. 

11 ................... 
12.. ................. 
13.. ................. 
14.. ................. 
15.. ................. 
16.. ................. 

’E0.0 
21.0 
22.7 
23.1 
25.0 
27.0 
27.0 
27.1 
27.7 
27.0 
24.0 
28.0 
27.3 
30.3 

+0.6 
-1.4 
-1.3 
-1.9 
-2.5 
-3.0 
-1.0 
-1.1 
-1. Y 
-2.0 
-2.1 
-1.4 
-1.7 
- 2 0  

+0.2 
-0.7 
-1.2 
-1.2 
-1.0 
-0.9 

- 
30.1 
30.4 
33.6 
30.4 
27.6 
28.1 
30.0 
29.8 

19.4 
22.4 
24.0 
25.0 
27.5 
30.0 

-0.6 
-0.6 
-0.5 
-0.9 
-0.4 
-1.0 
-0.5 
-0.3 

- 0 . i  
-0.3 

-0.8 

-0.2 

-0.3 
-1.2 

-1.0 

-0. 1 

Avmge .......... I 31.51 30.81 -0.61 30.71 30.11 -0.6 

TABLE 2.--Minimum temperatures, OF., on frosty nights (sheltered 
thermometers). 

INorth plot dean cultivation; south plot in m e r  crop.] 
- I &toot elevation. I Winch elevation. 

zs;o 
2 8 2  

m.1 

28.5 
29.0 

27.4 
29.0 
32.3 

North 
plot. 

Date. 

Jan. m ................. 
21.. ............... 
23.. ............... 
23.. ............... 
24. ................ 
25.. ............... as ................. 
27. ................ 

Fa. 1 ................. 
2.. ............... 
3.. ............... 
4.. ............... 
5 ................. 

I 6 ................. 

19. s 
22.0 
24.6 
25.2 
2s. 0 
30. s 
28.5 
29.4 
2s. 1 
29.4 
25.1 
27.0 
‘2s. 1 
32.4 

Average.. ........ I xi.9 

- 
Fouth 
plot. - 

2o. o 
21. a 
73.4 
24.0 
2:. 0 
29.9 
28.1 
2R.l 
27. s 
27.2 
24.3 
26.0 
27.6 
31.7 

ZG. a 

-I-- 
Din%- I North 

plot. 

-0.7 I 27.0 -- 

South Differ- 
plot. ence. 

25,1 [ -1.6 

NORTH PLOT COVER CROP PLOWED UNDER. 

On January 18, 1922, the cover crop in the north lat 
was plowed under, but the south plot waa not distur E ed. 
If the cover crop had been exertmg a marked influenca 
on the temperature, the temperature in the north plot 
(now clean cultivation) should now be considerably 
higher than that in the south plot, still in cover crop. 

After January lS,  when the cover crop was plowed 
under, temperature records were obtained covermg 16 
frosty nights, including the exceptionally cold period 
from January 19 to 23, the coldest weather that has 
been experienced in southern California since 1913. 
Minimum temperatures recorded at the two elevations 
in both plots each night during this time are shown in 
Table 2. 

I t  will be seen that the average difference in minimum 
temperature between the two stations is onl 0.7’ F. at 
the &foot elevation, and 1.6’ F. at the 10-inc 1 elevation. 
Comparing these differences with the average differ- 
ences between the two stations before the cover crop waa 
removed from the north lot, it  will be seen that the 

the minimum temperature at  the &foot elevation. At 
the 10-inch elevation there was a difference of 1.0’ F. 
due to the removal of the cover crop. 

These data indicate that under the conditions which 
prevailed during the period covered by these observa- 
tions, the cover crop had ractically no effect on the 
minimum air temperature juring the night at  a height 
of a few feet above the ground. The depression of tem- 
perature of 1.0’ F. at  10 inches above the ground, which 
can be attributed to the influence of the cover crop, 
would not have much bearing on the amount of damage 
to fruit, since there is little fruit within that disance 
from the ground. 

In  order to note the influence of the cover crop on the 
rate of fall in tem erature at  night and the rate of rise in 

for 24-hour periods during each of the 16 days on whibh 
frosts occurred after the cover cro was removed from 
the north lot were averaged an x plotted. To show 

in tem erature at the two stations, semihourly tempera- 

moved were also averaged and plotted. As 29-hour 
thermographs were used, and the records were checked 
frequently on cold nights, both as to time and tempera- 
ture, it  was possible to calculate these semihourly tem- 
peratures to tenths of a degree with considerable accu- 
rac . 

$he average semihourly temperatures for the 5-foot 
shelters at  both north and south stations during the 
period while the entire orchard wns still in cover crop are 
shown in Figure 3. The same data for the period after 
the cover crop had been removed from the north lot are 
shown in Figure 4. These diagrams show that t !I e only 
effect of the cover cro was to retard the rise in tempera- 
ture in the morning a !I out 15 minutes. At times during 
the rapid rise in tern erature in the morning, the tempera- 

over the cover crop. 
The effect of the cover crop was considernbl greater 

at the shelter on the round. A comparison of k igures 5 

elevation (10 inches above the ground) efore and after 
the cover crop was removed from the north plot, brings 
out this point. The cover crop caused the temperature 
to fall more rapidly during the evening. nnd to rise more 

removal of the cover crop H ad practically no influence on 

temperature in t !i e morning, semihourly temperatures 

what was t K e normal relation between the daily march 

tures P or the cold nights before the cover crop was re- 

ture was 2.5’ F. big 1 er in the clean cultivated plot than 

and 6, which show t % e difference in tern erature at  this i 



PA. w. R., October, 1922. (To face p. 522.) 

FIG. ],-View ol instrumL ~. .xlter 011 ground in s ~ , ring height of barley cow - ,  122. 

FIG. 2.-Unshcltered minimum thermometers in south plot. 
Lower thermometer is 7 inches above ground and upper 
thermometer 24 inches aborc ground. 
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slowly in the morning. During the early evening the 
difference in tempernt,ure between the two stations was 
about 2.5' F., and during most of the remainder of t,hc 
night the cover crop nrea was about 2' coliler than tho 
clean cultivated area. 

In Figure 7 are shown corrected thermograms, on :I 
large scale, for the north and south &foot st.ations for 
the night of January 21-22, 1922, after the cover crop lind 
been removed froni the north plot. There was less air 
movement iu general on this night than during any other 
night of the season. A coni arison of Figure 7 with 

pera ture. 
Figure 8 shows corrected t.herniogra.nis for .January 

31-22, 1922, a t  the ground shelt.ers at  the n0rt.h and 
south stations. It should be compared with Figure 5. 
Note the greater variations in tem )erature in Fi ure 7 as 

the air strata of different temperatures, which w i s  not 
felt at  the ground. 

A comparison of Figures 4 and G shows that with the 
exce tion of the time when the temperature was rising 
rapi ly in the niornin , there was little difference between 
the temperature at t e 5-foot shelter and at  the 
shelter, m the clean cult,ivated plot. In the sout i plot, 
on .the other hand, over the cover crop, the temperature 
fell much earlier and more rapidly in the afternoon and 
evening and began to rise considerably later in the 
morning, t i t  the ground shelter than at  the &foot shelter. 
Over the bare soil there wa.s little inversion at  any timc 
of the night. 

Figure 3 shows the effect of t R e cover crop on the tcm- 

compared with Fi ure S, due to t. I le fact that t P ie slight 
currents of air at  t a .e 5-foot elevation caused tt inising of 

Y O u n d  
a B 

OBSERVATIONS WITH USSHELTERED THERMOMETEHS. 

It is well known that readings of unsheltered therinoni- 
eters are affected by radiation of heat to the sky and 
deposit of dew or frost on the thermometers, so that they 
usually do not represent the temperature of the air. 
However, fruit growers often point out that a large ortion 

and that the temperatures which they assume on clear. 
calm nights are radiation teinperatures ra.ther than air 
tem eratures. 

Afthough the difficulty in analyzing data obtained wit.h 
unsheltered thermometers was recognized, unshel t.erecl 
minimum thermometers were esposed on posts at  heights 
of 7 and 24 inches, respect.ively, at hot.11 the north and t.hs 
south stations in the esperiment.al grove. 

The lowest temperatures re5isteretl by these t.hernioiii- 
eters durin ti clear frost,y nizhts before t.he nort,li plot 

are s R own in Table 3. ?'he average iliflerence in mininium 
temperature between the stations clurin- the 
before t.he north lot was plowed WI.S l.loaF. at t ie 24- 

T,ABLE : L - M h i t t i i t t n  tmtpcrutwcs, O F.. ma .frost!/ wights (msl te l l t~rd  
fhwnaoinrtersL 

[Entiro grove still in coI-cr crop.] 

. of the tree and much of the fruit is exposed to t K e sky 

(See fig. 2.) 

was lowe d and durinv 14 clear frosty nights a.fterw-rurrls 

feriocl 
inch elevation an f; 0.6' F. a.t the 7-inch elevation. 

D.ite. i- 
I North I Pl t. __ - 

Jan. 11 ... 33.0 
12 ... 29.1 
K.., 5 . 0  
I4 ... 1 2S.Y 
1L.J m.ti 
10 ...I 2Y.n 

I 
Average. .I 29.4 
.---. 

.. . - 
Sorb11 Suii1.h 
plut. plot. __ 

2%. U 2 i .4  

27.8 27.1 

- . . . . .- . 

-1.2 ' Quilt- w t .  

-1J.15 i Slightly we!. 
--lLti I Do. 
-0.1; I Quite WCI. 
-u. ti \'cry P'OI. 

-1J. 1 I DO. 

i . -. - _. . .. - 

T a n m  3.--.Uinlmusa tonperatiites, O F.q uti /rosty nights (unsheltered 
thmno)iietrrs)-C.ont.inued. 

[Xorlh lllnt clean cultivntion: south plot in cover crop.1 - I ?Cinch elevation. I i-inch elcration. 

rl::te. 1-7 , Xortli 

Jan. 10.. .I 1s. I 
i 

i 

I 

I pIu1. 
I ._-,----. 

I 

21 ...! L2.4 

2"...i 23.0 

I 

%. . 

?4..  

23. . 

n.. 
2 i . .  

Tcb. I . . .  

2.. 

' 3... 

J... 

.I.. . 

G . . .  

.\rerage. 
. . - . 

I 

17.2 

1s. 9 

21.0 

23.2 ~ 21.: 

I 

2.5.9 

25.0 

27.0 

27.0 
2;. 7 

2i .  1 

24. 1 

I. 0 

n. 4 

so. 9 

25.4 
. _. 

! ) i r k -  Sorlh 
cure. plot. 

-0.9 ' 18.1 I 
f 

.__ i 
I .  

-1.5 i 20.4 
I 

-2.0 

-1. i 

-2. I 

26.0 1 -2.0 
i 

25.4 1 -1.6 

26.2 1 -0.8 

%*O I - l . i  

22.9 I -1.2 

i 
1 

5 5  I -1.0 

24.5 I -1.5 
I 

26.0 -1.4 

29. i  I -1.2 

I 
23.9 I -1.5 

! _- . 

*A 0 

23.3 

25. 4 

27. i 

hi. n 
'Li. 0 
E. 8 

2i .  1 

24.6 

2i.1 

27.6 

30. S 

5 . 5  

-- 
Sonth I Diner- 
plot. : cute. 

I -- 

I 
! 

16.7 -1.5 

17.7 1 -2.i 

! 

19.6 -4.4 

! 
! 
I 
! 

20.01 -3.3 

i 21.1 I -4.3 
! 

23. I 

21.0 

21. (i 
25.0 

24.4 

21.3 

23. 4 

21. 5 

27.9 

22.4 

-4.6 

-2.9 

-2.4 
-2. w 
-2.7 

-3.3 

-2. i 

-2. a 
-2.9 

-3.1 

Condition of cover crop 
at noon. 

Heavy deposit of frost 
on cover crop in shade. 
South plot d l  i r W M  
solidly. Soil unfrozm 
In north plot, but trace 
of frmt in shade. 

Frost on vegetation Io 
shndo: soil muddy in 
sun. with fmen soil 
un?erneath: f r o z o n 
solidly in shade. 

lot-Frost on 
s o ~ & & n  in ah@: 

mound frosen sohdly 
in shade soft mud 011 
surfaw: kozm under- 
neath in sun. North 
plot-No frost; Sail dry 
at surface; wct uoder- 
neath: unhwzen. 

South lot-Same as 2Zd. 
NprtR piot-~o m t :  
roll frosen bmeuth 
surfare. 

South plot-Soil frosen 
in shade unfrom 
damp, b i t  not muddi 
in sun. North lot- 
soil unfrozen; d& at 
rurfaee. 

S o u t h  lot-Gmund 
frosen jarct hwt on 
\-metation In shade. 
North plot - Ground 
unfrozen; no frmt on 
prnund. 

Vegetation dry: ground 
unfrozen. 

Same as 1Rth. 
Soil sud regetalion very 

wet. 
Veatstlon dry; mil 

$amp. 
Vr etation mlv slightly 

cfam but Round In 
South sout&lot plot very - muddy. Grmmd 

frozen except surface 
which' is wet and 
muddy. North pIot- 
Soil unfrozen, but very 
wet. 

V elation dry: ground 
2 m p .  

V tstion drv. ground 
'&up rapidli 

After the corer plot in the north plot had been plowed 
iintler, tho differences in minimum t.emperature averaged 
1.5' P. :it the 24-inch elevstion and 3.1' F at  the 7-inch 
chvrttion. Tlic depression of the minimum tern erature 

unsheltcrec 1' thennometers, wits 0.4 F. nt the 24-inch 
chy;ition nnd 2.4' F. t i t  thc 7-inch elevation. 

On cold nights t,he i-inch thermometer in t-he cover 
crop plot was oft.en heiirily cooked with ice and frost, at 
t.he stimc t h e  the tliermometcr nt the sa.me elevat.ion in 
t.he clean cult,inted plot was absolutely dry. Also, the 
i-inch t1iermo.meter in the cover crop plot was spmetimes 
lieairily coatzed with dcw or frost, when t,he 24-inch ther- 
rnonwter, d i redy  above, was perfectly dry. Undoubt- 
edly, t,his deposit of moistawe on the thermometers in the 
coyer crop area w;~s responsible in part for t.he difference 
in the t,emper'tture between the north and south plotg 
rtftrr t.lie. cover crop l i d  been removed from the north 
plot. 

Durin$r the period when the tem erature was falling 

slio\t-ed esc.eption:illy Targe differences in temperature 
between t.he cover crop twea and the clean cultivated 
area. This %-;us pnrticulnrly true of t.he thermometer at 
the 7-inch elevation. 

due to the msence of the cover crop as shown E y these 

rapidly in tlio rvcninc. the unshc! P tercd thermometers 
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South 
plot. 

22.3 
21.1 

18.8 
18.6 
lS.7 

21.9 
2Q6 
21.0 
24.7 

23.6 
49.0 
M.0 

axs 
50.2 
ax9  
80.1 

43.8 
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Diflcr- 
enw. 

-- 
-as 
-2.6 

-1.2 
-2.4 
-O.s 

-1.2 
-1.4 
-1.0 
-0.6 

4 . 4  
- 2 3  
-1.5 

-2.3 
-3.s 
-2.7 
-2.1 

-ai 

Current temperature readings taken during clear nights ground the mixing of air strata of Werent temperatures 
after the north plot had been plowed are shown in Table caused the temperature down to the ground surface to 
4. It will be noted that temperature differences of as rise, while the cover crop interfered with this mixing to 
much as 11.0" F. were observed a t  the 7-inch elevation such an extent that the effect of such winds was much 
and 8.7" F. at the 24-inch elevation. These large differ- reduced. The exceptional1 large differences in tem- 
ences were only temporary, however, and were due in perature were never noted a ter the ra id fall in tempera- 

the bare ground and over the cover drop. Over the bare 
part to differences in the effect of temporary breezes over ture in t,he early part of the [ !  night hac ceased. 

TABLE 4.--Cuirent tsinperatitres, F .  (itnaheltercd thmronietersj. 

[North plot dean cultivation: south plot in em-cr crup.1 

1:00a. m ____._ 
2:45 a. m.. . . . . 
3:30 a. m.. . . . - 
4m p. m ..__.. 
9Xl5p.m ...... 

10:50 p. m.. . . . . 
3:sa .m ...... 
9:Gp.m ...... 

Date. 

20.0 
21.0 
19.5 
43.9 
23.1 
22.0 
az.0 
25.3 

Jan. 19 

m 

21 

n 

!B 

u 

25 
20 

27 

28 

Feb. 2 

3 

4 

9 3 p . m  ...._. 
4:15p.m ...... 
9.15p.m _..... 
k05p.m ...... 
9:45 p. m.. . . . . 

11fop.m ...... 
645p.m ___.__ 
k15p.m __.__. 
600p.m ...... 
4A5p.m ..__.. 
6:OOp.m ...... 

1o:m p. m.. . . . . k15p.m ...... 

I !&inch elevation. 

31.1 
60.0 
31.6 
62.5 
41.9 
32.9 
44.1 
85.5 
48.4 
jz.0 
a 9  

27. 6 
47.6 

Time. - 1 North 
plot. 

44.6 
5l.i 
45.1 
46.6 
27.1 

45.5 
3u.o 
27.9 

26.0 

48.1 
a 8  

23.9 

28.0 
' L B O  

25.0 

900p.m ...... 23.2 
10:rnp.m ...... 23.6 

--IS 
-0.3 
-1.S 
-1.0 
-0.5 

+o. 1 
-1.6 
-1.6 

-a3 

- a 7  
-a7  

-2.3 

-1.0 
-1.0 

-1.3 

4:m p. m.. . . . . 
7:45 p. m.. . . . . 
9:45 p. m.. . . . . 

a:rna. m......l 24.0 
k15 p. m... . . . 51.3 

I 35.5 
8:45p. m ..._.. 

49. 4 
31.6 
28. -5 

3:45a. m ...... 
4:lOp.m .. :... 
9:mp.m ...... 
9:U)p.m ..._.. 
Z45a.m ...._. 

26.2 
48.8 
29.5 
29.0 
27.0 

3:15a. m ...... I 26.3 

4:158.m ...... I 243.3 

7-inch elevation. 

North 
plot. 
- 

23.4 
23.4 

3J.O 
21.0 
19.7 
$2.7 
23.3 aa. 1 
21.8 
25.3 

u. 0 
49.1 
55.0 

30.6 
59.0 
31.3 
61.9 
41.0 
32. I 
43.7 
64.8 
47.0 
52.0 
16. S 
47. 4 
27.5 

. K O  
81.5 
29.1 

26.7 

26.4 
47. 7 
30.0 as. I 
27.1 

% 7  

- 

South 
plot. 

21.1 
19.6 

1% 0 
17.9 
17. !I 
39.9 
?I. 0 
20.0 
1Y.O 
22.1 

20.0 
.Iz. 0 
:10. ? 

26.5 
49.7 
26.0 
5S.2 
30.0 

dj. 3 
5s.0 
3'1.5 
50.6 
43.9 
45.0 
-?.I;. 1 

46.5 
46 u 
ai. x 

24.3 

22. .I 
42 i 
Pi. S 
2:. B 
72. U 

23. 8 

1% 0 

- 

- 
Xffor- 
ence. 
- 
-2.3 
-3.8 

-2.0 
-3.1 
-1.9 
-2. Y 
-2 3 
-2.1 
-2. 8 
-2. 9 

-3.1 
-7.1 
-4. s 
-4.3 

-5 3 
-6.7 

-11.0 
-4.1 
-7.4 
-6.8 
--K 5 
-1. 'I 
-2.9 
-2.1 
-1.1 

-1.5 
-3. 5 
-2.6 

-2.4 

-4.0 
-5.0 
-2.2 
-2.5 
-2.5 

-2.9 

- l a 3  

- 

Noles. 

~ 

Frmt on cover cro 
Mouth lot 7-inch tEermomcter frost covered: others dry: crust of frozen soil just beglnnlng to form In 

South plnt 7-inch thermmxter hc?vil frost coated; others perfwtlv dry. 
Ground frozen in both north and suutY1 plOt5. but much more solidly in south than In north plot. 

South plot 7-inch thermometer frost covered; others perfectly dry. 

Cloudloss; dead calm. 
Cover crop stiff with frosl; south plqt 7-inch thermometer heavily frost coated; others dry: no tram of 

frwt In north plot+ 

soil frozen in soulh plot; not frozen in unrlh plot. 

nortfiplot; dead calm. 

South plot Finch thermomcler coaled with frast; others prrfcctly dry. Strong wlnd blowing temp* 
rarily. 

Light northnrly brwe;  cluudlcw no frost on any thermnmcter. 

Liquid dew on south plot 7-iuch thwmometer: others perfcctly dry. 

Calm. dew covers south plot 7-inch thennometor; othors perfwtly dry. 
Calm, surface soil dry in uorth plnt: quite damp in south plol. 
Calm: vcptation, and all thnrmoxne:ers perfwtly dry. 
0.6 rtratGumulos clouds moderate wind blowing. 
Overcast with heavy, black stratus clouds: a litllc wlurl. 
Strong northwest wind: some clouds in sky. 
Culm cloudless: unIrozen dow on all exposcd thcrmometcrs: bnth dew and frost on cover crop: frost 
on wulh plot inst.rument shrltor. 

Cdin  bnth north pb~l  thermimeLrrG clrv: dew on south plot tlirmometors. 
Nortit plot-Both thermomelc*rs iwrfedtlv dry: ground freezing. South plot-Bulb of 7-inch thex- 

mamctcr icecoated, with heavy frost-on &de; mifrozen mist on 24-inch thermometer: calm; ground 
frocen. 

south ploL coated with frost: vegetation stiff with frost; ground frozen hard in both plots. 
Cloudless: calm: north plot thermometers perfectly dry: both 7-inch and Wlnch thermometers in 

North plot-Heavv liquid fog on hoth thermomsters. South plot-Icc nn lower thermometer; un- 
frozen mist on d-inch thermom?ter; cslm. 

North plot-Frozen dew on both thermometcrx. South plot-Both thermometers hcwily coated with 
frost. Cloudless: dcnd calm: hea\-y frost on vogotation; .tzround,frozen hard in both plots. 

Cloudier% calm: north-plst. thxrnom?tm pprfartlv dry; b.xh 7-inch and ?&inch therrnomcters in 
south plot c3ated with frost.: vt!q?lstion stin with fra.ct: g:oiinl frozen h3rd in bath plot% 

There is a strong probability that the large differences 
in temperature between c1ea.n cultivated citrus groves 
and those in cover crop, reported by some growers, were 
temporary differences shown by unsheltered t-hermom- 
eters. 

In  so far as the formation of dew, ice, or frost affected 
the temperatures registered by the unsheltered ther- 
mometers in the cover crop area, the depression of 
temperature from this did not apply to the greater 
ortion of the trees, since the de osit of moisture or 

above the ground. As a general rule the thermometer 
at the 24-inch .elevation .was. dry. The notes in Table 
4 bring out this point. 

frost was usually confined to the t P iermometer 7 inches 

CONCLUSIONS. 

The orchard used for these experiments was too small 
to indicate definitely what effect a cover crop covering 
a large area would hare on the temperature. At the 
same time, it is not likely that the temperature at  a 
height of several feet above t.he ground over n large 

ares in cover crop would be nffected to a much greater 
extent than the temperuture at  a height of a few inches 
above the ground over a small a.ren. The cover crop in 
the esperimeiital grove was osceptionnlly heavy; much 
heavier than any other winter cover crop that has come 
under the observation of the writer in southern California. 

It should be mentioned here that during the entire 
period corered by the cover crop esperiment the ground 
was very damp and often was wet nnd muddy. It is 
possible that greater differences might have been found 
if the surface soil had been dry or only slbhtly damp. 

The orange crop on the trees was a totnljoss in both 
the dean cultiva.ted .and cover cropped portions of the 
grove. 

For sis days and nights during the cold period in 
Janunry the ground WM frozen solidly to a depth of 
nearly an inch in the cover cropped portion of the grove. 
During this. time the ground in the clean cultirated 
portion was frozen at night, but thawed out earl in the 

the soil in the clean cultivltted area was sufficientlv dry 
to prevent freezing at the surface. I t  is suggested that 

There was some slight foliage injury as well. 

morning. Toward the end of the extremely col 2 period, 
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this freezing of the surface soil, ea ecially where con- 
tinuing over so long a period as notex abovo, may injure 
the hair roots near the surface of the ground and thus 
weaken the tree. 
TABLE 5.-Efect vf mi-er r,cy on anmrsrt of tcmprraturt, OF., ,itiriwioij 

mar ground. 
lAvernge mintmim tempersturc on clear nights.] 

SHELTERED TnERMOMETERS. 

: North plot. I South plot. 

Dothplotsiuco~ercrop ____.._.._.. 31.51 30 .71  - 0 . 8 :  30.9 m i /  -u.s 
North plot in mvcr crop: south plot I 

r1-n dtivatiou .._......_........ i %.o i 2 i .o  i +() .I  I ' I  28.2 23.1 i -0.t 
I I i I I 

UNSHELTERED TKERMOMETERS. 
----- 

1 k o r t h  ~ d o l .  I South plot. 

Hothplots!ncorererop ............ I 3.11 27.8 '  - 1 . 6 i  3 . 3 1  27.1 -1.2 

C l e m  cultivation ..................! z5.4 25.5 1 +0.1 i 23.0 I 22.4 -1.5 I North plot in cover crop; south plot I I 
. - 

The unshelt,erecl thermometers sliow this in n somc- 
what greater degree. (See Tables 4 a.nd 5.) 

The bare soil probably was warmed up to a depth of 3 
or 3 inches during the day, and t.his heat IITIS conducted 
to the surfwe during t,he night., partially ma.intaining the 
tern erature of the surface layer of air. On t.he other 
hnn f; , the corer crop ehsded t.he soil, prevent.ing its 
warming up to any considerable extent during the day ant1 
also acted as an insulating a.gent between t.he surfnce of 
the soil m d  tho surface hyer of the air durin 

It is not possible t.o draw :I definite conc usion from 
obserrnbions covering only one frost season, but all tlic 
evidence obt.ained thus fnr indicates thn.t, a coyer crop 
has little effect on t,he temperature R few feet a.l)ove the 
ground. If this conclusion is borne out by experimeiits. 
which it is hoped t.0 carry out in later seasons, any in- 
creased damage t o  fruit, by frost in a. cowr-crcippetl 
citrus grove must be att,ributed to some other agrnc*>- 
than a depression of t,he air temperature by the cover 
crop. If the greater dania e found in cover-cropped 
groves c!m not be esplaincf by natural differences in 
temperature, due to difference in elevntion or othcr 
such cause, t.he answer may bo found iii u physiologicnl 
effect of the cover crop on the tree. 

F the night. 

One of the principal effects of the coTer crop on t.he 
temperatmure is due to its shadin the ground and thus 

effect is discounted, however, in n citrus ove of old 

iinn of the prouncl and prevent the sun's rays from 
worining the soil t,ci t.he estent that would be t.he case if 
there were no trees present. It rendily can be seen t.hnt 
tlie effect of 11. cover crop in depressing the temperature 
on a clear, cnlni iiiuht would he grettter in a grove of 
young trees, :ind s d l  grelttm in nn n.lfnlfa field, without 
t.rees. 

.in intcrcsting point. brought out in this work was the 
fnct t h i t  thcrc: n-n.s 110 tem erstiire inversion within 5 

mas n tliffcrencc of ncarly n degree between the %foot 
ahelt.er nnd the. ground shelter while the cover crop 
rsninineil, but. this cliff erence clisn pettrecl entirely when 
tile cover crop \viis reinoved. TIis is brought out in  
Table 5. 

preventing tlie wirniing of t,he soi P during t,he day. This 

trees, because the trees themselvss shsde a F a.rge propor- 

feet of tha ground o w r  tlie c f e2i.n cult,irat.ed a.ren. There 

A SECOND EXPERIMENT ON COVER CROPS. 

A second csperioicnt with the object. of determining 
the influence of ;I w \ w r  crop on the frost hazard was 
vwrries on by Jir. Erkley S. Ellison, observer, U. Y. 
\Veat.hcr Bureriu, on the pro erty of the Fontana Farnis 
(lo., nenr Font'ann, Cnlif. d a t .  sctt.lement is situated in 
trstreine sout.liern San Boriinrdino County nbout -15 
iiiilcs due eilst, of t.lia town of  San Bernnrdino. 

Blr. Ellison's ohser\-at.ions were made at. the 5-foot 
level :ibovc the ground on ti, clcan cultirut,ed mea cmd 
on one t.hwt, w-tis covered w-it.h 
tion of the esperimental plot 
observations continued. His 
0\1m \\-ortls follo\v : 

l h u l t s  nbtained in ihie experiment. tend t.cJ show that a cw.-er mop 
incrrsses the frost hazard. although tho ainoimt of the inrrcme is RO 
finial1 a8 to be prwtir$ly nogligihle. - i t .  a distance of 5 fpnt aborc 
the ground, t.hc Iciwtwng of t r:~npcrartt.ure arnoiiiits to le= t h n  half B 
tirgwe F. Also the durcttion of critiml ternpomtures is not affected 
to any pmct.ics.l estcnt r c g i i d l w  of tlic condition of tlir. fiurf:tw. 
wliethcr croppc.d or clean. 

It. miglii. he that. whcn large arim XI'C plaiitd to ('over c.mps ilic 
influciire on the tcnipcraturc would bc more morked, but it j R  thc 
wiitw's hclief r.hat ( w n  then no coiixiderablc! infiuenr-e wvuld result, 
d u c ~  tn t h r .  relatively ernall effcct detected when B plot of 5 acrw is 
i~rtvl as a tiasis oi comparison. 

?;ilice 1.licl effect. of B cover crop, although  mall, can be noted at. a11 
I levation of 3 feel, there is rpason to suppsc that from that height 
i1iJu-n t.o the surfwe of the ground a givrater induenc-e would be exerted. 
'rhr rc.aiilta of this cxperinlent can not. t.hcrefore. be coiicrtrurd to lit 
I lie wwv of P grower who hrul a c~onsiderable portion of his crop l ~ l o w  i he 
.-,-foot Iravcl. Yi'ithin ihe cxwcr CI-p itsrli tile irtflrirwr-e of the vgetn- 
tion is probalrl!- grrat---two or three degmes at least '* * *. 

-A. b. H. 
CALCULATING TEMPERATURE EXTREYES I N  SPOKANE COUNTY, WASH. 

I$- E. >I. I<EYs~;.x, Mcteordogisl. 
[Wcnthw Riircai~.  9pnk?rr.~ X a 4 1 . ,  L'rlohrr 19. 1920.] 

Whatever degree of success was attained in tempera- 
ture calculations in Spokane County last spring cninr as  
a by-product, of tho snrvey.work wthorized here hy the 
Chicf of Bureau. The original stiinulus for undertaking 
these calculations came from a ersonal knowledge of tlic 
work being done in southern gregon nntl Cdiforniii l ~ y  
Meteorologist Flo?-d D. Young. This stinidus wnc; in- 
tensified by the various inspirntionnl and very prnci icul 
articles in MONTHLY W~:a~rrEr. RI.:VIEN- SjL'r1xEmxr 
No. 18 (Predicting Ilinimum Temperatures From IIygro- 
metric Data). The scope wns greiitly augmented by the 

willing :ind ncciirn te clericwl work clone hJ- Observer 
FrnnIc B. \Vhitne>-, spccinlly aissiyed to oirl in tbc survey. 

SCOPE OF IO%! TEJfl'ER.\TL-RI.: SURI'EY. 

Spokaiic C'onnty. 5 I inilcs long and 36 miles broad, 
touching Irlnlio c ~ i i  the carat. renclies within 66 miles of the 
(hii:tclizin hortlcr. 111 the survcy lasting froni Apiil 0 to 
.Iuiic 13 tenipenlture rccords w r ~  ohtttincd from nine 
strLtions outside of Sp)k:mc, n.liic.li is iienr the center of 
the county. Five of tliesc were in Spokane Vslley enst of 


